The aim of this study was to compare the effects of platelet-rich plasma (PRP) and steroid injections in patients diagnosed with plantar fasciitis. Methods: A total of 50 patients with chronic plantar fasciitis were included in the study and divided into 2 groups. In the PRP group (n=25), PRP taken from the patients' blood was activated using calcium chloride and injected in a single dose. In the steroid group (n=25), a single dose methylprednisolone with local anesthetic injection was given. Clinical evaluation was made using the American Foot and Ankle Score (AFAS) and the visual analog scale (VAS). Results: No complications were seen in any patients. Mean AFAS was 85.5±4.2 at 6 weeks and 90.6±2.6 at 6 months in the PRP group and 75.3±4.8 and 80.3±4.7, respectively, in the steroid group (p<0.001). The difference in the mean VAS between the PRP group (2.4±0.8 and 1±0.8) and the steroid group (4±1.1 and 2.6±0.9) at the 6 th week and 6 th month was statistically significant (p<0.001). Changes in AFAS and VAS scores were significantly higher in the PRP group (p<0.001).
Plantar fasciitis is defined as localized inflammation and degeneration of the plantar aponeuroses. Heel pain is the most common reason for presentation. [1] Approximately 10% of the population will experience heel pain in their life. [2] Reduced ankle dorsiflexion, standing for long periods of time at work, obesity, female gender and advancing age are listed as risk factors. [3, 4] As in other chronic tendinosis, the pathology of plantar fasciitis includes degenerative changes in the plantar fascia with fibroblastic proliferation and limited inflam-matory tissue. [5, 6] The pain is generally localized in the medial calcaneal tubercle. In the acute phase, the pain is sharp and typically on the first step of the day or after a period of rest. In the chronic phase, pain is continuous and of a duller nature. [7] Plantar fasciitis is generally a self-limiting condition. Symptoms in 80 to 90% of cases recover within 10 months. [8] However, this process may be problematic for both the patient and the physician. Due to the natural course of the disease, the majority of treatment alterna-This study was presented as a poster presentation at the 14 th EFORT Congress, Istanbul, 2013. tives are nonsurgical. [1, 8] Stretching exercises, splints, orthoses, non-steroid anti-inflammatory drugs (NSAID), steroid injections, and extracorporeal shockwave therapy (ESWT) are the nonsurgical treatment choices. [1, 7] The majority of the nonsurgical treatments have been found to be minimally effective. [9] Today, there is no effective nonsurgical treatment option for plantar fasciitis. Ideal nonsurgical treatment for plantar fasciitis should be as effective as other treatment options with minimal complications.
Platelet-rich plasma (PRP) stimulates the natural healing process through growth factors contained in the platelets. PRP applied to the wound area accelerates the physiological healing process, provides support for the connection of cells, reduces pain and has anti-inflammatory and anti-bacterial effects. [10] Studies in the literature have reported the use of PRP in plantar fasciitis and chronic tendinopathy. [11] [12] [13] [14] [15] The rationale for using PRP in this degenerative and chronic process is to restart the inflammatory process that commonly ceases following failed conservative treatment, thus, turning the chronic injury into a new acute injury. [12] The high content of growth factors in PRP increases tissue regenerative abilities and regeneration processes. [14] There are 16 concentration systems which can be used to obtain PRP. Leukocytes and growth factors contained in PRP are obtained in different amounts from these systems. [16] Apart from the concentration systems, PRP can be obtained manually from peripheral blood. [17, 18] However, many questions remain unanswered regarding the application of PRP, such as the ideal volume, application frequency, application period and platelet activation. [19] The aim of this study was to determine the effects on pain and function of PRP obtained manually as a cheap and easy method in the treatment of plantar fasciitis and to compare this data with that of steroid injection which is often used in clinical practice. The hypothesis was that a single dose of manually-prepared PRP would reduce pain associated with plantar fasciitis and increase function and that this effect would be superior to the frequently-used steroid injection.
Patients and methods
Approval for this prospective clinical study was granted by the local ethics committee and informed consent was obtained from all patients participating in the study. Patients who had been diagnosed with plantar fasciitis, monitored for a minimum of 3 months and showed no benefit from conservative treatment starting with stretching exercises and NSAIDs were included in the study. Diagnosis of plantar fasciitis was made by clinical examination. Direct radiographs were examined to rule out other heel pathologies. Exclusion criteria were systemic disease, pregnancy, active tumor or hematological malignant disease, infection, a history of anticoagulant use, use of NSAIDs in the five days prior to the study, Hb values of less than 11 g/dL, thrombocyte count of less than 150,000/mm 3 , previous steroid injection to the heel area or ESWT therapy, a history of calcaneus fracture, or surgery in the heel area.
A total of 50 patients were included in the study. Patients were separated into PRP and steroid groups of 25 subjects each. Patients informed about the treatment options and those who accepted were included in the PRP group (5 males, 20 females; mean age: 47) and the others in the steroid group (6 males, 19 females; mean age: 48.6).
Platelet-rich plasma was prepared and applied under the same conditions using the method described by Anitua et al. [17, 18] A total of 30 cc peripheral blood was taken from the antecubital region and mixed with 3.2% sodium citrate. Samples were centrifuged at 1800 rpm for 8 minutes at room temperature. From the 3.5 ml PRP obtained, 1 ml was sent to the laboratory for bacteriological testing and platelet count. After activation, 2.5 ml of PRP containing 5.5% calcium chloride (Cl 2 Ca) (50 μl of Cl 2 Ca in 1 ml of PRP) was administered to the foot from the medial side to maximal tenderness area with palpation under sterile conditions. The patient was kept in the supine position for 20 minutes following administration.
In the steroid group, a mixture of 40 mg/1 ml of methylprednisolone and 1 ml of prilocaine was applied. The peppering injection technique was used in both groups and the fascia was injected in 4 to 5 different locations.
Standard Achilles and plantar fascia stretching and strengthening exercises were applied to all patients. Patients were advised to rest and not stand for the first day after the injection. No NSAID, orthosis or splint was given to any patient.
Clinical evaluation was performed before treatment and at the 6 th week and 6 th month follow-ups. The American Foot and Ankle Score (AFAS) [20] and the visual analog scale (VAS) were used in the clinical evaluation. The AFAS evaluation covered pain, function, maximum walking distance, walking surfaces, gait abnormality, sagittal motion, hindfoot motion, alignment, and anklehindfoot stability. Patients were questioned with regard to side effects and subjective satisfaction.
Results were stated as mean±standard deviation (SD). Data were evaluated using the SPSS for Windows v. 16 .0 (SPSS Inc., Chicago, IL, USA) software. The Mann-Whitney U test was used for the statistical evaluation of mean values between groups and for changes over time in the mean clinical scores of the groups. A value of p<0.05 was accepted as statistically significant.
Results
No local or systemic complications were seen in any patient during the application or follow-up.
Both groups were similar in terms of age, gender, side and initial AFAS and VAS scores ( Table 1) . No statistically significant difference was determined between groups in terms of these factors.
Mean platelet count per milliliter in the PRP group was 207,880±51,272 before centrifugation and 818,520±119,236 after (p<0.001).
In the PRP group, mean AFAS score was 85.5±4.2 at the 6 th week follow-up and 90.6±2.6 at the 6th month follow-up ( Fig. 1, Table 2 ). Mean VAS score was 2.4±0.8 at the 6 th week and 1±0.8 at the 6 th month ( Fig. 2 , Table 2 ). The differences between the pretreatment and follow-up scores were statistically significant ( Table 2 ).
In the steroid group, mean AFAS score was 75.3±4.8 at the 6 th week follow-up and 80.3±4.7 at the 6 th month follow-up ( Fig. 1 , Table 2 ). Mean VAS scores were 4±1.1 and 2.6±0.9 at the 6 th week and 6 th month follow-ups, respectively (Fig. 2, Table 2 ). Compared to the pretreatment scores, the differences between the 6 th week and 6 th month scores were statistically significant.
The PRP group had significantly higher mean AFAS and VAS scores at follow-up than the steroid group (p<0.001) ( Table 2 ).
Discussion
Several nonsurgical treatment methods are available for the treatment of plantar fasciitis with various success rates. Ideal treatment for plantar fasciitis has not been determined. The use of PRP in foot and ankle pathologies has begun to increase. Our study was designed to compare the effect of PRP and steroid injection in the treatment of chronic plantar fasciitis. A single dose of manually obtained PRP was found to be more effective than steroid injection in terms of pain and functional results in the treatment of chronic plantar fasciitis. The etiology of plantar fasciitis is not fully known. According to the commonly accepted view in the literature, it is an inflammatory response to microtears which form as a result of mechanical loading. Conversely, Lemont et al. reported no findings of histological inflammation in histological samples of plantar fasciitis. [6] These paradoxical findings on the etiology of plantar fasciitis have not yet been explained. The use of steroid injections for plantar fasciitis has been reported to be useful in the short-term. [21] In our study, we found a positive effect on pain and functional scores in the steroid group which can be explained by the anti-inflammatory effect. However, steroid injections have been reported to be related to plantar fascia tear, [22] fat pad atrophy, abscess, [23] and osteomyelitis. [24] Platelet-rich plasma stimulates the proliferation of various cell types in cells and tissue [25] and activates repair cells in the blood circulation. [26] More than 30 bioactive proteins are found within the alpha granules of platelets. [18] Growth factors, such as platelet-derived growth factor, transforming growth factor, vascular endothelial growth factor and insulin-like growth factor, and proteins such as fibrin, fibronectin, vitronectin, and thrombospondin, found in PRP, play a role in many stages of tissue healing. These growth factors activate some of the cells that play a function in tissue healing and thus provide soft tissue healing and bone regeneration. [27] With its growth factors, PRP stimulates the local stem cells and activates the repair cells in the circulation and bone marrow. Excessive inflammation inhibits apoptosis and metalloproteinase activity. [28] Moreover, in tendon recovery, PRP increases tenocyte proliferation in the injured area by providing revascularization by means of the included growth factors and is effective in increas-ing collagen expression in the tenocytes. [29] Different methods can be used to obtain PRP; automatic machines and commercial kits with double-spin rotation, single-spin rotation and manual PRP separation and selective blood filtration (plateletpheresis). [30] Anitua et al. [18] reported that a platelet count of over 300,000/μl in PRP is effective. In another in vitro study, platelet concentration 2.5 times greater than the basal platelet count was reported to be the most effective. [31] The prepared PRP can be activated by adding bovine or human thrombin or calcium chloride. [32] Growth factors and cytokines are revealed with the formation of platelet gel from the activated PRP. Some authors used PRP without activation. [11] [12] [13] [14] There is no consensus with usage of PRP in ideal concentration, application frequency or platelet activation. [19] In the current study, PRP was prepared manually as single-spin rotation. In the analysis of the prepared PRP, concentration was determined as four times greater than the thrombocyte count in the peripheral blood. The prepared PRP was activated by the addition of calcium chloride.
Platelet-rich plasma was first used in 1987 in heart surgery to prevent excessive blood transfusion. [33] Several studies have reported the use of PRP in plantar fasciitis and chronic tendinopathy. [11] [12] [13] [14] [15] Barrett and Erredge [11] applied PRP together with ultrasonography (USG) to 9 patients and measured the thickness of the plantar fascia on USG. Following treatment, a change in signal intensity and reduced thickness of the plantar fascia was determined on USG and after one year, 77.9% of the patients were reported to be symptom-free. Akşahin et al. [12] administered steroids to 30 patients and PRP to 30 patients and reported similar functional and pain scores of both groups at 3 weeks and 6 months. However, when steroid complications were taken into consideration, PRP was recommended. Ragab and Othman applied PRP to 25 patients and reported that plantar fascia thickness decreased on USG and 88% of the patients were symptom-free after a mean follow-up of 10 months. [13] Martinelli et al. reported a reduction in pain scores over a 12-month follow-up period in 14 patients treated with PRP. [14] In the evaluation of the results of the current study, the post-treatment 6 th week and 6 th month functional scores of both groups were significantly increased compared to the initial values and the pain scores were significantly decreased. The changes in the functional and pain scores of the PRP group were significantly better than those of the steroid group. In the current study, although a clinical recovery was determined over a 6 month follow-up, it is not yet known how long this effect will last. Obtaining PRP used in the current study is low-cost. While the cost of automatic devices and kits to obtain PRP is several hundreds of dollars, the cost of the manual method used to prepare PRP was approximately ten dollars. [34] For PRP obtained from autologous blood, there is no risk of immune reaction or disease transfer. There are no studies in the literature warning of hyperplasia, carcinogenesis or tumor growth of PRP. [10] No complications were encountered in any patient in the PRP group.
The limitations of this study included its lack of randomization, a placebo control group and evaluation of results with functional and pain scores due to lack of radiological and biological results. In addition, the low number of patients and relatively short follow-up period can also be considered limitations.
In conclusion, the administration of PRP in plantar fasciitis treatment appears to be a more effective method than steroid injection for the reduction of pain and provide better functional results at 6 th month follow-ups. However, prospective, randomized, placebo-controlled, multicenter studies are required to clarify these results and better understand the effects of PRP.
